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SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 12/239,566, filed on Sep. 26, 2008, entitled “Semi-
conductor Device and Manufacturing Method Therefor,”
which claims priority to Japanese patent application 2007-
254537 which are hereby incorporated herein by reference in
its entirety.

TECHNICAL FIELD

The present invention particularly relates to a semiconduc-
tor device and a method for manufacturing the same.

BACKGROUND

In recent years, with miniaturization and sophistication of
electronic devices, a number of technologies designed to
increase packaging density of semiconductor devices have
been developed. Such technologies include chip-on-chip
semiconductor device technologies and package-on-package
semiconductor device technologies.

FIG. 1 is a cross-sectional view of a conventional chip-on-
chip semiconductor device. On an upper surface of an inter-
poser 84, a semiconductor chip 80 having an upper surface on
which a circuit is formed is stacked via an adhesive 82. An
external electrode (not shown) provided on the upper surface
of the semiconductor chip 80 and a connector terminal (not
shown) on the interposer 84 are electrically coupled by a wire
86. On alower surface of the interposer 84, a solder ball 88 for
electrically coupling to the outside is provided. On the upper
surface of the interposer 84, a resin section 89 to mold the
semiconductor chip 80 and the wire 86 is provided. With this
configuration, the packaging density of the semiconductor
device can be increased as a plurality of semiconductor chips
80 can be provided in a single package.

FIG. 2 is a cross-sectional view of a package-on-package
semiconductor device of a second conventional approach.
Components of FIG. 2 common to FIG. 1 have been given the
same numbers and their explanations are omitted. A first
semiconductor package 90 and a second semiconductor pack-
age 92 respectively include semiconductor chip 80, adhesive
82, interposers 84a and 845, wire 86 and resin section 89. A
first solder ball 94 provided on a lower surface of the inter-
poser 84a of the first semiconductor package 90 is bonded to
anupper surface of the interposer 845 of the second semicon-
ductor package 92. On a lower surface of the interposer 8456 of
the second semiconductor package 92, a second solder ball 96
for electrically coupling to the outside is provided. With this
configuration (since a plurality of semiconductor packages
can be vertically stacked) the packaging density of the semi-
conductor device can be increased.

Other conventional semiconductor device packaging tech-
niques are commonly used in industry. For example, WO99/
56313 (FIG. 20) illustrates a semiconductor device in which
aplurality of semiconductor packages are stacked by provid-
ing a through electrode on a lead frame where a solder ball is
provided on a tip of the through electrode. Published Japanese
Translation of PCT Application No. JP-T-2000-510993 dis-
closes a semiconductor device in which electronic compo-
nents and wirings are electrically bonded by using connector
pins. Japanese Patent Application Publication No. JP-A-
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2003-151714 discloses a method for mounting electronic
components to a wiring circuit body using crimp pieces.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a semicon-
ductor device and manufacturing method therefore which
allows a plurality of semiconductor devices to be stably
stacked.

According to one embodiment of the present invention,
there is provided a semiconductor device that includes a semi-
conductor chip and a resin section that molds the semicon-
ductor chip and has a first through-hole. A through electrode
that is electrically coupled to the semiconductor chip, runs
through the resin section, and continuously runs through a top
edge and a bottom edge of an inner surface of the first
through-hole. A cavity which continuously runs through
planes corresponding to an upper surface and a lower surface
of the resin section is formed inside the first through-hole.
Utilizing embodiments of the present invention, stacking of
semiconductor devices can be performed easily. Conse-
quently, a plurality of semiconductor devices can be stably
stacked, whereby packaging density can be increased.

According to another embodiment of the present invention,
there is provided a method for manufacturing a semiconduc-
tor device that includes electrically coupling a through elec-
trode and a semiconductor chip with each other, and forming
a resin section that molds the semiconductor chip, so that the
through electrode continuously runs through a top edge and a
bottom edge of an inner surface of a first through-hole that
penetrates through the resin section. In addition, a cavity is
formed inside the first through-hole which continuously runs
through planes corresponding to an upper surface and a lower
surface of the resin section. Utilizing embodiments of the
present invention, the stacking of semiconductor devices can
be easily executed. Consequently, a plurality of semiconduc-
tor devices can be stably stacked, whereby packaging density
can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with further advantages thereof,
may best be understood by reference to the following descrip-
tion taken in conjunction with the accompanying drawings in
which:

FIG. 1 is a cross-sectional view of a semiconductor device
packaged according to a first conventional approach.

FIG. 2 is a cross-sectional view of a semiconductor device
packaged according to a second conventional approach.

FIG. 3A is an illustration of a semiconductor device manu-
facturing process of a first embodiment of the present inven-
tion.

FIG. 3B is a cross-sectional view taken along the line A-A
of FIG. 3A.

FIG. 4A is a view that illustrates a semiconductor manu-
facturing process of the first embodiment of the present inven-
tion.

FIG. 4B is a cross-sectional view taken along the line A-A
of FIG. 4A.

FIG. 5A is a view that illustrates aspects of the semicon-
ductor manufacturing process of the first embodiment of the
present invention.

FIG. 5B is a view that illustrates aspects of the semicon-
ductor manufacturing process of the first embodiment of the
present invention.
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FIG. 5C is a view that illustrates aspects of the semicon-
ductor manufacturing process of the first embodiment of the
present invention.

FIG. 6A is a bottom view of the semiconductor device of
the first embodiment of the present invention 6A.

FIG. 6B is a cross-sectional view taken along the line A-A
of FIG. 6A.

FIG. 7 is a cross-sectional view that illustrates aspects of a
semiconductor device manufacturing process of a second
embodiment of the present invention.

FIG. 8A is a top view that illustrates aspects of a semicon-
ductor device manufacturing process of a third embodiment
of the present invention.

FIG. 8B is a cross-sectional view taken along the line A-A
of FIG. 8A.

FIG. 8C is cross-sectional view taken along the line A-A of
FIG. 8A.

FIG. 9A is a cross-sectional view that illustrates aspects of
a semiconductor device manufacturing process of a fourth
embodiment of the present invention.

FIG. 9B is a cross-sectional view that illustrates aspects of
a semiconductor device manufacturing process of a fourth
embodiment of the present invention.

FIG. 9C is a cross-sectional view that illustrates aspects of
a semiconductor device manufacturing process of a fourth
embodiment of the present invention.

FIG. 9D is cross-sectional view that illustrates aspects of a
semiconductor device manufacturing process of a fourth
embodiment of the present invention.

FIG. 10A is a cross-sectional view that illustrates aspects
of a semiconductor device manufacturing process of a fifth
embodiment of the present invention.

FIG.10B is a cross-sectional view that illustrates aspects of
a semiconductor device manufacturing process of a fifth
embodiment of the present invention.

FIG.10C is a cross-sectional view that illustrates aspects of
a semiconductor device manufacturing process of a fifth
embodiment of the present invention.

FIG. 11A is a cross-sectional view that illustrates aspects
of a semiconductor device manufacturing process of a sixth
embodiment of the present invention.

FIG.11Bis a cross-sectional view that illustrates aspects of
a semiconductor device manufacturing process of a sixth
embodiment of the present invention.

FIG.11C s across-sectional view that illustrates aspects of
a semiconductor device manufacturing process of a sixth
embodiment of the present invention.

FIG. 12A is a top view of a through pin according to one
embodiment of the present invention.

FIG. 12B is a cross-sectional view of the through pin of
FIG. 12 A according to one embodiment of the present inven-
tion.

FIG. 13A is a cross-sectional view that illustrates aspects
of'a semiconductor device manufacturing process of the sixth
embodiment of the present invention.

FIG.13Bis a cross-sectional view that illustrates aspects of
a semiconductor device manufacturing process of the sixth
embodiment of the present invention.

FIG.13C s across-sectional view that illustrates aspects of
a semiconductor device manufacturing process of the sixth
embodiment of the present invention.

FIG. 14A is a top view of a semiconductor device manu-
factured in accordance with the sixth embodiment of the
present invention.

FIG. 14B is a cross-sectional view of the semiconductor
device shown in FIG. 14A.
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FIG. 15A is a cross-sectional view of a semiconductor
device of a seventh embodiment of the present invention.

FIG. 15B is a cross-sectional view of a semiconductor
device of a seventh embodiment of the present invention.

FIG. 16A is a cross-sectional view that illustrates aspects
of a semiconductor device manufacturing process of an
eighth embodiment of the present invention.

FIG.16B is a cross-sectional view that illustrates aspects of
a semiconductor device manufacturing process of an eighth
embodiment of the present invention.

FIG. 17 is a cross-sectional view of the semiconductor
device of the eighth embodiment of the present invention.

FIG. 18A is a cross-sectional view that illustrates aspects
of'a semiconductor device manufacturing process of a ninth
embodiment of the present invention.

FIG. 18B is a cross-sectional view that illustrates aspects of
a semiconductor device manufacturing process of a ninth
embodiment of the present invention.

FIG. 19 is a cross-sectional view of the semiconductor
device of the ninth embodiment of the present invention.

FIG. 20A is a cross-sectional view of a semiconductor
device of a tenth embodiment of the present invention.

FIG. 20B is a cross-sectional view of a semiconductor
device of a tenth embodiment of the present invention.

It should be noted that like reference numbers refer to like
elements in the figures.

DETAILED DESCRIPTION

The present invention will now be described in detail with
reference to a various embodiments thereof as illustrated in
the accompanying drawings. In the following description,
specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent,
however, to one skilled in the art, that the present invention
may be practiced without using some of the implementation
details set forth herein. It should also be understood that well
known operations have not been described in detail in order to
not unnecessarily obscure the present invention.

Exemplary Semiconductor Devices and Manufacturing
Methods

In a chip-on-chip semiconductor device, a plurality of
semiconductor chips are mounted in a single semiconductor
package. Therefore, good semiconductor chips mounted
together with faulty semiconductor chips must be discarded
when one of the semiconductor chips mounted is faulty.
Moreover, the improvement of yield is hampered because the
mounting process is difficult and cost is increased. Further-
more, because semiconductor chips need to be made thinner
in order to increase packaging density, problems are encoun-
tered because the mounting process is likely to produce faulty
devices.

In a package-on-package semiconductor device, mechani-
cal performance tests and electrical performance tests are
carried out after a semiconductor chip is packaged and only
good semiconductor packages are stacked. Furthermore, a
semiconductor chip is protected from outside shocks by a
resin section. Therefore, yield is higher using package-on-
package approaches than chip-on-chip approaches. However,
in the package-on-package semiconductor device of FIG. 2,
when coupling the first semiconductor package 90 and the
second semiconductor package 92 by the solder ball 94, a
displacement of the upper and lower semiconductor packages
90 and 92 is likely to occur. When the displacement occurs, a
contacting of adjacent solder balls 94 can occur. Embodi-
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ments of the present invention that solve the above mentioned
problems are described below.

First Embodiment

With reference to FIGS. 3A to 5C, a method for manufac-
turing a semiconductor device of a first embodiment of the
present invention will be described. With reference to FIGS.
3A and 33, alead frame 11 including a lead 10 of copper, iron
etc. and a mounting section 12 where a semiconductor chip is
to be mounted is prepared.

With reference to FIGS. 4A and 413, on a die 52, the lead
frame 11 is disposed with an upper surface thereof (the sur-
face on which a semiconductor chip is to be mounted) facing
down. The die 52 is provided with a hole 53 that forms a
recess on the lead 10. From above the lead frame 11, a press-
ing die 50 is pressed onto the lead 10. The die 50 is configured
to fit inside the hole 53 of the die 52. In this manner, a recess
15 is formed on a lower surface of the lead 10 (a surface on an
upper side in FIG. 4B) and a through electrode 14 (an elec-
trode running through a resin section as described later) is
formed on an upper surface thereof (a surface on a lower side
in FIG. 4B).

With reference to FIG. 5A, on the mounting section 12 of
the lead frame 11, a semiconductor chip 20 of silicon is
mounted face up using an adhesive (not shown). The semi-
conductor chip 20 and the lead 10 are electrically coupled by
using a bonding wire 24 of gold or copper. With reference to
FIG. 5B, on a die 54, the lead frame 11 on which the semi-
conductor chip 20 is mounted is disposed. The die 54 is
provided with a protrusion 55 corresponding to the recess 15
of the lead 10. A thermosetting epoxy resin, for example, is
disposed on the lead frame 11. The resin is hot-pressed and
the through electrode 14 of the lead 10 is placed against a die
56 via a release film 58 made of, for example, polytetrafluo-
roethylene of a fluorine system resin. By using the soft release
film 58, a tip of the through electrode 14 is buried in the
release film 58. As the resin is hardened, a resin section 22 is
formed. With reference to FIG. 5C, the die 56 is removed
from the release film 58. The die 54 is removed. In the resin
section 22, a first through-hole 17 corresponding to the pro-
trusion 55 of the die 54 and the through electrode 14 is
formed. Further, inside the first through-hole 17, a cavity 16
which is defined by the through electrode 14 and the resin
section 22 is formed. As the pointed tip of the through elec-
trode 14 is buried in the release film 58, the tip of the through
electrode 14 is not covered with the resin section 22 and the
tip of the through electrode 14 is protruded from the resin
section 22. By using a diamond grindstone, the resin section
22 can be cut and a semiconductor device 100 is separated.
The exposed lead frame 11 is plated using solder. Further, a
solder of tin, silver and copper may be embedded inside the
cavity 16 to couple the through electrodes 14 to each other as
described later in a second embodiment of the present inven-
tion.

FIG. 6A is a bottom view of the first embodiment and FIG.
6B is a cross-sectional view thereof. With reference to FIGS.
6A and 613, on the mounting section 12 of the lead frame 11,
the semiconductor chip 20 is mounted. The semiconductor
chip 20 is molded with the resin section 22. In the resin
section 22, the first through-hole 17 is formed. On an inner
surface of the first through-hole 17, the through electrode 14
which extends from a bottom edge through a top edge of the
inner surface of the first through-hole 17 is provided. Inside
the through electrode 14, the cavity 16 which extends through
the planes corresponding to an upper surface and a lower
surface of the resin section 22 is formed. The through elec-
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trode 14 and the semiconductor chip 20 are electrically
coupled by the bonding wire 24. The tip of the through elec-
trode 14 rises above the upper surface of the resin section 22.
According to the first embodiment, the through electrode
14 is provided so as to extend from a bottom edge through a
top edge of the inner surface of the first through-hole 17.
Therefore, by the through electrode 14, an electrode which
electrically passes through the upper surface and the lower
surface of the resin section 22 can be formed. Further, inside
the first through-hole 17, the cavity 16 continuously running
through planes corresponding to the upper surface and the
lower surface of the resin section 22 is formed. Therefore, as
in the hereinafter described second embodiment, stacking of
semiconductor devices can be easily performed. Conse-
quently, a plurality of semiconductor devices 100 can be
stably stacked and the packaging density can be increased.

Second Embodiment

The second embodiment of the present invention features a
stacked semiconductor device arrangement that involves a
stacking of the semiconductor devices of the first embodi-
ment. With reference to FIG. 7, electrical performance tests
are initially carried out upon the semiconductor devices 100a
to 100c of the first embodiment. The semiconductor device
1004 is stacked over the semiconductor devices 1005 and
100c. The semiconductor device 1004 is stacked on the semi-
conductor device 1005 so as to make the closed portion of the
tip of the through electrode 14 of the semiconductor device
100a contact the cavity 16 of the semiconductor device 1005.
More specifically, a plurality of semiconductor devices 100a
to 100c¢ are stacked so as to make the respective through
electrodes 14 of a plurality of semiconductor devices, 1004 to
100¢, contact. In one embodiment, the through electrodes 14
may be mechanically and electrically coupled to each other
by solder to complete the stacked semiconductor device
arrangement of the second embodiment.

According to the second embodiment, the through elec-
trode 14 that is provided on the inner surface of the first
through-hole 17 which runs through the resin section 22 is
closed above the upper surface of the resin section 22 and the
protruded tip of the through electrode 14 of the upper semi-
conductor device 100a« is fit inside the cavity 16 of the lower
semiconductor device 1005. Therefore, the positioning of the
upper and lower semiconductor devices 100a and 1005 is
simplified. Consequently, the semiconductor devices can be
stably stacked. Further, since the through electrode 14 that is
electrically coupled to the semiconductor chip 20 is exposed,
individual semiconductor devices can be electrically tested
before stacking.

Third Embodiment

A third embodiment of the present invention features a
through electrode that has a cross sectional shape that is
different from that of the first embodiment and the second
embodiment. With reference to FIGS. 8A and 8B, in the same
manner as those described with reference to FIGS. 4A and 4B
of'the first embodiment, using a die 52a having a hole 53a and
a pressing die 50a, a through electrode 14a and a recess 15a
are formed on a lead. The die 50« is a die with a width of
which gets narrower towards the tip thereof compared with
that ofthe die 50 of the first embodiment. Thereafter, the same
processes as those described with reference to FIGS. 5A to 5C
of'the first embodiment are carried out to form a semiconduc-
tor device 102. With reference to FIG. 8C, by stacking semi-
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conductor devices 102a to 102¢, a stacked semiconductor
device of the third embodiment is completed.

In the semiconductor device of the third embodiment, the
through electrode 14a, the cavity 16a and the first through-
hole 17a have cross-sectional shapes where the width thereof
gets narrower towards the tips. Therefore, when stacking the
semiconductor devices 102a to 102¢, the through electrodes
14a are easily stacked. Consequently, the semiconductor
devices 102a to 102¢ can be stacked more stably.

Fourth Embodiment

A fourth embodiment of the present invention features an
upper surface of a through electrode that is coplanar with an
upper surface of a resin section. With reference to FIGS. 9A
to 9D, a method for manufacturing a semiconductor device of
the fourth embodiment will be described. With reference to
FIG. 9A, the processes described with reference to FIGS. 3A
to SA of the first embodiment are carried out. However, in
FIG. 9A, the release film 58 is not used, unlike the embodi-
ment shown in FIG. 5B. Other configurations are the same as
those shown in FIG. 5B. With reference to FIG. 9B, the dies
34 and 56 are removed. A resin section 23 is formed so that the
through electrode 14 is embedded in the resin section 23.
Therefore, a cavity 19 of the resin section 23 does not run
through the resin section 23. With reference to FIG. 9C, an
upper surface of the resin section 23 is grinded so as to have
the tip of the through electrode 14 removed. Consequently, a
through electrode 1454 is separated and the cavity 19 is made
to run through the remaining resin section 225 and becomes a
first through-hole 175. Furthermore, inside the first through-
hole 175, a cavity 165 which occupies the space between the
planes corresponding to an upper surface and a lower surface
of the resin section 2254 is formed. Furthermore, the through
electrode 145 is provided with an opening at an upper surface
of'the through electrode 145. It should be appreciated that the
upper surface of the through electrode 145 is coplanar with
the upper surface of the resin section 225. The exposed sur-
face ofthe lead frame 11 is plated by solder. The resin section
22 is separated to complete a semiconductor device 104.

With reference to FIG. 9D, a plurality of semiconductor
devices 104a to 104c¢ are stacked. Stacking is facilitated by a
conductive connecting pin 28 of copper, for example, passing
through the first through-hole 176 and by electrically and
mechanically coupling the through electrode 145 and the
connecting pin 28 by using, for example, solder (not shown).
According to the fourth embodiment, since the connecting
pin 28 is passed through inside the cavity 164, the displace-
ment of the upper and lower semiconductor devices 104a to
104e relative to each other can be prevented.

Fifth Embodiment

FIGS. 10A to 10C illustrate a method for manufacturing a
semiconductor device of a fifth embodiment of the present
invention. With reference to FIG. 10A, the same processes as
those described with reference to FIGS. 3A to 5B of the first
embodiment are carried out. With reference to FIG. 10B, as
previously shown in FIG. 5C of the first embodiment, the tip
of'the through electrode 14 is protruded from the resin section
22. With reference to FIG. 10C, the tip of the through elec-
trode 14 is grinded down to the resin section 22. Therefore, a
first through-hole 175 is opened at an upper surface of the
through electrode 145. Furthermore, the upper surface of the
through electrode 145 is coplanar with an upper surface of the
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8
resin section 22b. Thereafter, the same processes as those
described with reference to FIGS. 9C to 9D of the fourth
embodiment are carried out.

When forming the resin section 22, as previously shown in
FIG. 9C regarding the fourth embodiment and in FIG. 10C
regarding the fifth embodiment, the upper surface of the
through electrode 14 is removed so as to create an opening at
the upper surface of the through electrode 14. Consequently,
a first through-hole 175 that can accommodate the insertion
of'a connector pin can be formed.

Inthe removal of the upper portion of the through electrode
14, the upper portion of the through electrode 14 can be
removed such that the upper surface of the through electrode
145 is coplanar with the upper surface of the resin section 22.
Consequently, the semiconductor device can be formed to
have a low-profile. In one embodiment, the through electrode
14 may be embedded in the resin section 23 as shown in FIG.
9B of the fourth embodiment and then the through electrode
14 and the resin section 23 may be grinded as shown in FIG.
9C, or the through electrode 14 may be grinded such that the
tip of the through electrode 14 protrudes from the resin sec-
tion 23.

As illustrated in the first embodiment to the fifth embodi-
ment, by pressing a part of the lead 10 of the lead frame 11, the
through electrode 14 can be formed from the lead 10. In this
manner, the formation of through electrode 14 can be easily
performed.

Sixth Embodiment

A sixth embodiment of the present invention features the
use of a dedicated pin as a through electrode. With reference
to FIGS. 11A to 13C, a method for manufacturing a semicon-
ductor device of the sixth embodiment will be described. With
reference to FIG. 11A, on an insulating substrate 30 of, for
example, glass epoxy of a film thickness of between 0.1 mm
and 0.4 um, a second through-hole 60 with a pore diameter of
about 0.4 mm is formed. In one embodiment, the pore diam-
eter is preferably greater than 0.3 mm. With reference to FIG.
11B, on the substrate 30, the semiconductor chip 20 is
mounted by using an adhesive 29. With reference to FIG.
11C, athrough pin 32 is inserted into the second through-hole
60. In one embodiment, the outer diameter of the through
electrode 34 of the through pin 32 may be slightly larger than
the diameter of the second through-hole 60 of the substrate
30. Therefore, the through pin 32 may be fixed to the substrate
30.

FIG. 12A is a top view of the through pin 32 and FIG. 12B
is a cross-sectional view thereof. The through pin 32 is made
of, for example, phosphor-bronze (the surface thereof may be
gold or copper plated) and is composed of the through elec-
trode 34 and a flange 31. A tip 35 of the through electrode 34
is closed and the through pin 32 has a cavity 36 inside the
through electrode 34. The flange 31 serves as a stopper when
inserting the through pin 32 to the second through-hole 60 of
the substrate 30 and as a pad where a bonding wire to be
coupled to the semiconductor chip 20 may be affixed. In one
embodiment, an outer diameter ¢1 of the flange 31 is prefer-
ably 1 mm or less in order to facilitate semiconductor device
miniaturization. An outer diameter ¢2 of the through elec-
trode 34 is preferably 2 to 8 um larger than the second
through-hole 60 of the substrate 30 and is preferably greater
than 0.3 mm. An inner diameter of the through electrode 34,
e.g., the diameter ¢3 of the cavity 36, is preferably about 0.1
min. smaller than ¢2. For example, settings of ¢1 to be 0.9
mm, ¢2 to be 0.4 mm and ¢3 to be 0.3 mm may be used.
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With reference to FIG. 13 A, the semiconductor chip 20 and
the flange 31 of the through pin 32 are coupled by using the
bonding wire 24. Therefore, the through electrode 34 and the
semiconductor chip 20 are electrically coupled. With refer-
ence to FIG. 13B, by molding the semiconductor chip 20 and
the bonding wire 24 using a thermosetting epoxy resin, the
resin section 22 is formed. The resin section 22 is formed, by
using a release film as shown in FIG. 5B of the first embodi-
ment, so that the tip 35 of the through electrode 34 is pro-
truded. Using the through electrode 34, the first through-hole
37 running through the resin section 22 is formed. Therefore,
the first through-hole 37 is communicated with the second
through-hole 60 and the resin section 22 is formed so that the
through electrode 34 runs through the resin section 22 and the
substrate 30. With reference to FIG. 13C, by using a grind-
stone (e.g., diamond etc.), the resin section 22 and the sub-
strate 30 may be cut, and a semiconductor device 110 may be
separated (see FIG. 14B).

FIG. 14A is a top view of the semiconductor device of the
sixth embodiment and FIG. 14B is a cross-sectional view
thereof. With reference to FIGS. 14A and 14B, on the sub-
strate 30, the semiconductor chip 20 is mounted via the adhe-
sive 29. The through pin 32 is fixed on the substrate 30. The
semiconductor chip 20 and the flange 31 of the through pin 32
are electrically coupled by the bonding wire 24. The semi-
conductor chip 20 and the bonding wire 24 are molded with
the resin section 22. The tip 35 of the through electrode 34 is
protruded from the resin section 22. The tip 35 of the through
electrode 34 is closed above the upper surface of the resin
section 22

According to the sixth embodiment, the through electrode
34 is provided so as to extend through the top edges and
bottom edges of the inner surfaces of the first through-hole 37
and the second through-hole 60. Therefore, by means of the
through electrode 34, an electrode which electrically passes
through an upper surface and a lower surface of the semicon-
ductor device 110 can be formed. Further, because the first
through-hole 37 and the second through-hole 60 are provided,
as described below in a seventh embodiment of the present
invention, the stacking of semiconductor devices can be eas-
ily carried out. Consequently, a plurality of semiconductor
devices 110 can be stably stacked and packaging density can
be increased.

Seventh Embodiment

A seventh embodiment of the present invention features a
stacking of the semiconductor devices of the sixth embodi-
ment. With reference to FIG. 15A, semiconductor devices
110a to 110c¢ are stacked such that the respective through
electrodes 34 are stacked together. In order to make a con-
ductive pin 40 directly contact each of the through electrodes
34, the conductive pin 40 is passed through the cavities 36
inside the through electrodes 34 of the plurality of semicon-
ductor devices 114a to 114¢. Therefore, at the tip of the
through electrode 34, the conductive pin 40 directly makes
contact with the through electrode 34 and is electrically
coupled and mechanically fixed. Consequently, as the use of
solder to couple the through electrodes 34 to each other is not
required, the semiconductor devices 114a to 114¢ can be
stacked without going through any heat treatment. When the
semiconductor devices 114a to 114c¢ is heat treated, mechani-
cal deformation and deterioration in electrical performance
may result. According to the seventh embodiment, because
the semiconductor devices are stacked without going through
any heat treatment, the semiconductor devices can be more
stably stacked. Further, as the semiconductor devices 114a to
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114¢ are not fixed to the conductive pin 40 by solder, the
semiconductor devices 114a to 114¢ can be easily removed.
Therefore, replacements and further measurements of semi-
conductor devices can be easily carried out.

With reference to FIG. 15B, at the tip of the conductive pin
40, an external terminal 44 of solder may be formed. By the
external terminal 44, the semiconductor device of the seventh
embodiment can be flip-chip bonded onto a mounting sub-
strate.

Eighth Embodiment

An eighth embodiment of the present invention features the
removal of a top portion of a through electrode. With refer-
ence to FIG. 16A, the processes described with reference to
FIGS. 11A to 13B of the sixth embodiment are initially car-
ried out. Thereafter, a top portion of a through electrode 34a
is removed by grinding. In this embodiment, the through
electrode 34a is not grinded down to be coplanar with the
upper surface of the resin section 22. With reference to FIG.
16B, the resin section 22 and the substrate 30 are cut and a
semiconductor device 112 is separated.

FIG. 17 is a cross-sectional view of the semiconductor
device of the eighth embodiment. The upper surface of the
through electrode 34 is higher than the upper surface of the
resin section 22, and a cross section 64 of an opening defined
by the upper surface of the through electrode 34 is smaller
than a cross section 62 of a cavity 36a defined by the plane
corresponding to the upper surface of the resin section 22.

According to the eighth embodiment, because the upper
surface of the through electrode 34 is open, when stacking the
semiconductor devices 112 as described in the seventh
embodiment, the conductive pin 40 is not required to break
through the tip of the through electrode 34. Therefore, the
conductive pin 40 can easily pass through each of the through
electrodes 34 of the plurality of semiconductor devices 112.
Furthermore, the cross section 64 of the opening defined by
the upper surface of the through electrode 34 is smaller than
the cross section 62 of the cavity 36a defined by the plane
corresponding to the upper surface of the resin section 22.
Consequently, by passing the conductive pin 40 through the
through electrode 34, the conductive pin 40 can directly make
contact with the through electrode 34 and the conductive pin
40 and the through electrode 34 can be electrically and
mechanically coupled. In one embodiment, in order to elec-
trically and mechanically couple the conductive pin 40 and
the through electrode 34, the cross section 60 of the opening
defined by the upper surface of the through electrode 34 is
preferably smaller than a cross section of the conductive pin
40.

Ninth Embodiment

A ninth embodiment of the present invention features an
upper surface of a through electrode that is coplanar with an
upper surface of a resin section. With reference to FIG. 18A,
the processes described with reference to FIGS. 11A to 13B
of the sixth embodiment are initially performed. In one
embodiment, a top portion of a through electrode 3454 is
removed by grinding. In this embodiment, the top surface of
the through electrode 345 is removed so that an upper surface
of the through electrode 345 is coplanar with the upper sur-
face of the resin section 22. With reference to FIG. 18B, the
resin section 22 and the substrate 30 are cut and a semicon-
ductor device 114 is separated.

FIG. 19 is a cross-sectional view of the semiconductor
device of the ninth embodiment. The upper surface of the
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through electrode 34 is coplanar with the upper surface of the
resin section 22. A cross section of a cavity 36« inside the
through electrode 3454 is virtually uniform. According to the
ninth embodiment, the semiconductor device can be manu-
factured to posses a low-profile.

Tenth Embodiment

A tenth embodiment of the present invention features the
stacking of the semiconductor devices of the ninth embodi-
ment. With reference to FIG. 20A, semiconductor devices
114a to 1140 are stacked such that the respective through
electrodes 34 are stacked together. The conductive pin 40 is
passed through cavities 365 of the through electrodes 34 of
the plurality of semiconductor devices 114a to 1140. The
conductive pin 40 and the through electrode 34 are electri-
cally coupled by using a conductor 42 such as solder. As
shown in FIG. 20B, at the tip of the conductive pin 40, an
external terminal 44 of solder may be formed. As illustrated in
the sixth embodiment to the tenth embodiment, by mounting
a semiconductor chip on a substrate and by using a through
pin 32 in place of a lead, a through electrode may be formed.

To summarize, in one embodiment of the present inven-
tion, there is provided a semiconductor device that includes,
a semiconductor chip, a resin section that molds the semicon-
ductor chip and has a first through-hole and a through elec-
trode that is electrically coupled to the semiconductor chip,
extends through the resin section, and extends through a top
edge and a bottom edge of an inner surface of the first
through-hole. A cavity which is formed between planes cor-
responding to an upper surface and a lower surface of the resin
section is formed inside the first through-hole. Utilizing
exemplary embodiments of the present invention, stacking of
semiconductor devices can be easily performed. Conse-
quently, a plurality of semiconductor devices can be stably
stacked, whereby the packaging density can be increased.

In one embodiment, the semiconductor device may include
a stack of more than one semiconductor device. In this
embodiment, a through electrode of each of the semiconduc-
tor devices may be in contact with a through electrode of the
others. According to the present invention, a plurality of semi-
conductor devices can be stably stacked, whereby the pack-
aging density can be increased.

In one embodiment, the semiconductor device may include
a stack of more than one semiconductor device, and a con-
ductive pin that penetrates through a cavity provided in each
of the semiconductor devices to directly contact a through
electrodes, so as to be electrically coupled with the through
electrodes. According to the present invention, semiconduc-
tor devices can be stacked without going through any heat
treatment, whereby semiconductor devices can be stacked
with additional stability.

In one embodiment, the semiconductor device may include
a stack of more than one semiconductor device, coupled by a
conductive pin that penetrates through the cavity provided in
each of the semiconductor devices, so as to electrically couple
the semiconductor devices.

In one embodiment, a method for manufacturing a semi-
conductor device may include electrically coupling a through
electrode and a semiconductor chip with each other and form-
ing a resin section that molds the semiconductor chip, so that
the through electrode extends through a top edge and a bottom
edge of an inner surface of a first through-hole that penetrates
through the resin section. This forms a cavity which extends
through planes corresponding to an upper surface and a lower
surface of the resin section inside the first through-hole.
According to the present invention, using the aforementioned
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through-hole, the stacking of semiconductor devices can be
easily performed. Consequently, a plurality of semiconductor
devices can be stably stacked and packaging density can be
increased.

In one embodiment, a method may include stacking more
than one semiconductor device mentioned above, so that the
through electrodes of each of the plurality of semiconductor
devices make contact. According to this embodiment a plu-
rality of semiconductor devices can be stably staked, whereby
the packaging density can be increased.

In one embodiment, a method may include stacking more
than one semiconductor device and penetrating the cavity
provided in each of the semiconductor devices with a con-
ductive pin, so that the conductive pin directly contacts the
through electrode. According to the present invention, the
semiconductor devices can be stacked without going through
any heat treatment, whereby semiconductor devices can be
stacked stably.

Inone embodiment, the method may include stacking more
than one semiconductor device by penetrating a cavity pro-
vided in each of the semiconductor devices with a conductive
pin and electrically coupling the conductive pin and the
through electrode with each other. It should be appreciated
that because the through hole described herein is formed from
the lead frame, a package component is reduced.

Although many of the components and processes are
described above in the singular for convenience, it will be
appreciated by one of skill in the art that multiple components
and repeated processes can also be used to practice the tech-
niques of the present invention. Further, while the invention
has been particularly shown and described with reference to
specific embodiments thereof, it will be understood by those
skilled in the art that changes in the form and details of the
disclosed embodiments may be made without departing from
the spirit or scope of the invention. For example, embodi-
ments of the present invention may be employed with a vari-
ety of components and should not be restricted to the ones
mentioned above. It is therefore intended that the invention be
interpreted to include all variations and equivalents that fall
within the true spirit and scope of the present invention.

The invention claimed is:

1. A method for manufacturing a semiconductor device,
comprising:

electrically coupling a through electrode and a semicon-

ductor chip with each other; and

forming a resin section that molds the semiconductor chip,

so that the through electrode extends between a top edge
and a bottom edge of an inner surface of a first through-
hole that penetrates through the resin section, and so that
a cavity which extends between planes corresponding to
an upper surface and a lower surface of the resin section
is formed inside the first through-hole.

2. The method of claim 1 further comprising stacking more
than one semiconductor device, so that a through electrode of
each of the semiconductor devices contacts the other.

3. The method of claim 1 further comprising stacking more
than one semiconductor devices and penetrating the cavity
provided in each of the semiconductor devices with a con-
ductive pin, so that the conductive pin directly contacts the
through electrode.

4. The method of claim 1 further comprising stacking more
than one semiconductor devices and penetrating the cavity
provided in each of the semiconductor devices with a con-
ductive pin and electrically coupling the conductive pin and
the through electrode with each other.

5. A method for manufacturing a semiconductor device
package, comprising:
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disposing a lead frame on a die;

forming a convex portion in the lead frame;

disposing a semiconductor chip on a mounting surface of

the lead frame;

wire bonding the semiconductor chip to the lead frame; 5

covering the lead frame with a mold compound; and

cutting off a portion of the mold compound to expose the

convex portion in the lead frame wherein a through-hole
is formed in the semiconductor device package.

6. The method of claim 5 further comprising cutting off a 10
closed end of the convex portion to create an opened portion
of'the lead frame that is coplanar with the surface of the mold
compound.

7. The method of claim 5 further comprising cutting off a
closed end of the convex portion to create an opened portion 15
of the lead frame that extends above the mold compound.

8. The method of claim 5 wherein the convex portion is
formed in the lead frame using a pressing die.

9. The method of claim 5 wherein the convex portion has a
cross section that is narrower at a closed end of the convex 20
portion than at a base of the convex portion.

10. The method of claim 5 wherein the convex portion
extends beyond the mold compound.

11. The method of claim 5 wherein the convex portion is
flanged. 25
12. The method of claim 5 wherein the convex portion is

U-shaped.

13. The method of claim 5 wherein the convex portion is
V-shaped.

14. The method of claim 6 further comprising placing a 30
connecting pin into the opened portion of the lead frame to
connect a plurality of semiconductor device packages.
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